China has a shocking number of tetanus cases in the world, but little research has investigated doctors' knowledge of and practices in tetanus prophylaxis, especially tetanus vaccination. To this end, we conducted a pilot study on 197 emergency doctors using a mixed method of web-based (163; 82.8%) and paper-based (34; 17.2%) surveys. There was no difference between the two groups except for the percentage of doctors receiving a tetanus booster in the past 10 years and the responses to question 11. Surprisingly, only 28.9% of doctors had received formal training on tetanus immunization and only 21.3% had themselves received a tetanus vaccine booster in the past 10 years. Furthermore, only 14.2% of the respondents confirmed the availability of the tetanus vaccine in their respective institutions. Finally, the correct rates and Tetanusimmune-globulin (TIG)-only option rates for questions 11-15 were unsatisfactory. Our results showed that most emergency doctors' knowledge and practices strayed from the recommendations of Advisory Committee on Immunization Practices (ACIP): 1) TIG alone for most trauma patients instead of vaccine was an overused treatment approach. 2) Most of the emergency doctors lacked formal training on and knowledge of tetanus vaccination. 3) Even the emergency doctors themselves were not properly vaccinated. 4) The tetanus vaccine was only available in a small number of the respondents' institutions. The findings of this study suggest an urgent need to improve this dire situation.
Introduction
Tetanus is a fatal infectious disease with mortality rates ranging between 10% and 80%. Despite routine childhood tetanus vaccination for nearly a century and high coverage levels in children over the last 50 years, it remains globally endemic. 1, 2 Nevertheless, tetanus is preventable through vaccination and post-exposure prevention. 3 According to extrapolations of prevalence and incidence statistics for tetanus by the US Census Bureau International Database, China has a shocking number of tetanus cases (191 cases estimated in 2004, almost 4 times higher than the number of cases in the USA). 4 Furthermore, the Chinese literature frequently reports cases of tetanus among adults and pregnant women. 5 Seroprevalence data indicated that low antibody levels are common in young adults but decrease with increasing age, further suggesting poor compliance with booster recommendations. 6 In developed countries, fewer than 50 cases of tetanus (all types, i.e., neonatal, maternal and others) are reported annually. 4 All primary care and emergency clinics provide post-and pre-exposure tetanus immunization to non-immunized individuals, along with booster shots to previously immunized adults. According to the Advisory Committee on Immunization Practices (ACIP) 7, 8 and Chinese native guidelines including Chinese expert consensus on tetanus immunization 9 and Expert consensus for the prevention and management of the accidental tetanus in adult patient in China, 10 five doses are recommended during childhood, with a sixth given during adolescence. Subsequently, additional doses are recommended every 10 years or post-exposure. However, until 2018, the Chinese expert consensus on tetanus immunization 9 and Expert consensus for the prevention and management of the accidental tetanus in adult patient in China were published. Before that in mainland China, the China National Immunization Programme (CNIP) only provides tetanus immunization to children under 7 years old without any payment, but not adults; while this study was undertaken before the publish of the consensus during November 2015 and April 2016. [9] [10] [11] As a result, numerous adolescents and adults remain unprotected and susceptible to tetanus due to a lack of further booster immunization approximately 5-10 years after the completion of childhood tetanus vaccination.
Research has shown that health workers play a critical role in the delivery of vaccinations, including the tetanus vaccine. To a large extent, positive knowledge, attitudes and practices toward vaccination can support a higher vaccine uptake level in the population. [12] [13] [14] [15] However, insufficient knowledge, attitudes formed by misconceptions and inappropriate practices regarding the prevention and treatment of tetanus are not rare among doctors. [16] [17] [18] [19] CONTACT Jie Peng pjie138@163.com Nanfang Hospital, Southern Medical University, No.1838 North Guangzhou Avenue, Baiyun District, Guangzhou, Guangdong 510515, China *These authors contributed equally to this work.
To date, no related research has been conducted in mainland China, and we know little about doctors' tetanus-related knowledge level and practice patterns. Hence, we hypothesized a gap between the understanding of Chinese doctors and ACIP recommendations regarding tetanus immunization.
Materials and methods

Study design
A survey-based, cross-sectional survey was conducted on emergency doctors in mainland China to assess their knowledge and practices regarding tetanus immunization in trauma patients. The project was approved by the Shenzhen Hospital of Southern Medical University and was granted a waiver of ethical review.
Data collection and sampling
The study consisted of two groups: a web-based and a paper-based group. Participants in the web-based group were recruited between November 2015 and April 2016 through advertisements and email invitations via the DXY forum (www.dxy.cn/bbs), which is China's largest online community for doctors. To alleviate selection bias in web survey, field interviews were also undertaken. Emergency doctors in Shenzhen were selected from a convenience sample of attendees at the 2015 Annual Conference of Emergency Medicine held by the Shenzhen Society of Emergency Medicine. The target sample size was calculated using the for-
, wherezis the z score, ε is the margin of error, andp is the population proportion. At the confidence level of 95%, z was 1.96.pwas assumed to be 0.5 due to the lack of previous statistics in China and ε was assumed to be 10%. Accordingly, a minimum of 97 respondents were required.
Questionnaire
Knowledge of recommendations and practices on tetanus prophylaxis in trauma patients was assessed by a 15-question survey that can be divided into three sections: basic information about the doctors (questions1-4), tetanus immunization information among doctors and their institutions (questions5-9), and knowledge and practices of tetanus immunization in trauma patients (questions10-15) based on ACIP recommendations. [20] [21] [22] For details on ACIP recommendations, see Appendix 1. For details on the questionnaire, see Appendix 2.
Knowledge and practices assessment were scored as the sum of correct responses to questions 10-15 in the survey. A response was defined as correct if it was valid (i.e., supported by ACIP recommendations). The unanswered questions were scored as incorrect.
Statistical analysis
Data analysis was performed in Empower for R software. Continuous variables were summarized by their means and standard deviations. All continuous variables were tested for normal distributions with the Kolmogorov-Smirnov test. Student's t-test was used to compare the means of continuous variables and normally distributed data; otherwise, the Mann-Whitney U-test was applied. Categorical variables were expressed in percentages and compared using Pearson's χ 2 test. A regression analysis was eventually conducted to assess the relative influence of independent variables on the scores. All P-values were two-tailed and considered statistically significant when less than 0.05.
Results
Characteristics of respondents
A total of 197 (>n= 97) questionnaires were collected and analyzed, of which 163 (82.8%) were online questionnaires collected though the emergency board in the DXY forum and 34 (17.2%) were paper questionnaires collected in Shenzhen between November 2015 and April 2016. Table 1 describes the general characteristics of the respondents. Most (84.8%) of the respondents were male and more than 40.0% were aged between 30 and 40. A total of 94.9% were from non-primary hospitals, and 91.4% held a 5-year or higher college degree (57.4% graduates and 34.0% postgraduates). No significant differences were observed between the web-and paper-survey groups.
Tetanus vaccination training, tetanus booster uptake and tetanus vaccine supply
As shown in Table 2 , only 28.9% of the doctors had received formal training on tetanus immunization, and most were not aware of the standard immunization schedules against tetanus. In addition, only 21.3% of respondents had themselves received a tetanus vaccine booster in the past 10 years and 14.2% confirmed the availability of tetanus vaccine in their respective institutions. The paper-based group had a slightly higher rate of doctors receiving a tetanus vaccine booster in the past 10 years (35.3%). 
Knowledge and practices of tetanus immunization
Findings on the respondents' knowledge and practices regarding tetanus prophylaxis in trauma patients are presented in Table 3 . The practices followed by most respondents differed significantly from the ACIP recommendations with unsatisfactory correct rates of questions [11] [12] [13] [14] [15] ). There was no statistically significant difference between the groups except that the paper-based group had a slightly higher rate of correct responses (26.47%) to question 11.
Regression analysis
The regression model could not be successfully built due to absence of any independent variables in the survey that significantly affected the score. The details are shown in Appendix 3.
Discussion
The main findings of our survey regarding the knowledge and practices of emergency doctors toward tetanus immunization for trauma patients in mainland China were: 1) TIG alone for most trauma patients instead of the vaccine was an overused treatment approach. 2) Most of the emergency doctors lacked formal training on and knowledge of tetanus vaccination. 3) Even the emergency doctors themselves were not properly vaccinated. 4) The tetanus vaccine was only available in a small number of the respondents' institutions. We found no significant differences between the web-and paper-based groups, except in terms of the percentage of doctors receiving a tetanus booster in the past 10 years and the responses to question 11, which may be due to the small sample size. According to the Law on Practicing Doctors of the People's Republic of China, doctors who have earned their degrees from 3-year colleges are eligible to appear for the China National Medical Examination, provided they fulfill certain criteria. In fact, only 48% of the practicing doctors held a degree above college level in 2014. 23, 24 Therefore, although 8.6% of the total respondents had education level below 5-year college, the results of the survey are valid and representative of mainland China.
The average score of respondents for questions 11-15 was 1.10 ± 0.86, indicating lack of compliance with the ACIP guidelines due to insufficient knowledge. In most cases, TIG instead of vaccine is given to trauma patients, regardless of the wound status (clean or dirty), history of primary tetanus vaccine (complete, incomplete or unclear) and the time since the most recent dose (more or less than 5 years). This finding is consistent with the statements in Chinese native guidelines showing that prophylaxis with TIG is a routine practice among Chinese doctors. 9 In fact, ACIP 7 and Chinese native guidelines 9, 10 including Chinese Expert Consensus on Tetanus Immunization and Expert Consensus for the Prevention and Management of the Accidental Tetanus in Adult Patient in China clearly recommend TIG or vaccines based on the wound type, the immune status of patients and so on rather than always using TIG.
This finding is consistent with the review of Fu Lijun, 25 which concluded poor knowledge of tetanus preventive strategies among most health workers. Fu et al. also criticized misconception held by Chinese doctors regarding passive immunization for tetanus prophylaxis in trauma patients as well as the overuse of TIG. Other studies also found that booster vaccination was not accepted as an efficient or economic measure for tetanus prevention in mainland China, where TIG was used as the primary measure for postexposure prophylaxis. 26 However, all of these arguments were based only on reviews or comments rather than articles with data supporting tetanus vaccine usage.
Multiple factors account for the inadequate knowledge and poor practices of emergency doctors in our research. We failed to build a regression model since no variables significantly affected the scores. However, this also reflected the homogeneity of the score distribution and further supported our findings as universal, regardless of gender, age, education, hospital institution, etc. The misconception held by Chinese doctors may be due to the different strategies undertaken by the Chinese government. The Chinese healthcare system focuses on improving institutional delivery rate rather than post-exposure vaccinations as recommended by the ACHS. There is also no immunization schedule for special populations, such as adolescents and pregnant/childbearing-age women, in mainland China in our research periods. 27 Therefore, since the absence of specific guidelines by CNIP, the doctors are not fully aware of the immunization schedule for tetanus. Furthermore, only 21.32% of respondents in our survey had received a tetanus booster in the past 10 years. Although doctors are not classified as a high-risk group by Chinese native guidelines, 9,10 their poor vaccination rates call for urgent improvement in their knowledge and practices. Another factor that hinders the appropriate management of tetanus prophylaxis after trauma might be the tetanus vaccination system followed in mainland China. Currently, vaccination programs are implemented by the CDC, whereas post-exposure prophylaxis is performed by hospitals with a limited supply of tetanus vaccine. 28 In the present survey, most doctors reported a lack of tetanus vaccine in the local institutions and elsewhere, since it is provided by CDC for pediatric immunization schedules and not for adults. A previous review and discussion 27, 29 also noted lack of availability of DTaP (a vaccine that helps children younger than age seven develops immunity to three deadly diseases caused by bacteria: diphtheria, tetanus, and whooping cough) for children older than 6 years. Thus, there is an urgent need to review the current health-care policies.
A single TIG application does not provide a lasting immunity to tetanus, since the incubation period of tetanus ranges from 24 h to several months, whereas the antitoxin confers immediate passive immunity for only 10 to 15 days. Thus, the effective concentration of TIG may be lost during the incubation period. [30] [31] [32] Hence, post-exposure prophylaxis with TIG alone in the absence of an immune response is not preferred.
The current overuse of TIG in mainland China not only results in a temporary immunity to tetanus, thus exposing potential risk of tetanus in future, but can also lead to considerable waste of limited medical resources, serious social and medical consequences, including anaphylactic shock and even death. In fact, between 1993 and 2012, 82 cases of tetanus antitoxin-induced anaphylactic shock were reported in the China Scientific Journal Database according to a search with the keywords "anaphylactic shock" "anti-tetanus serum" "tetanus antitoxin" or "adverse reactions". 33 In contrast, only two such cases were identified with the same keywords in the PubMed database. These findings may indirectly reflect the fact that the widespread use of TIG in mainland China may have severe consequences. In addition, since it is derived from animal blood, TIG may carry the risk of pathogen transmission such as HIV and hepatitis. Therefore, it is urgent to increase doctors' knowledge of correct tetanus prevention and to avoid the overuse of TIG in mainland China.
Based on the findings of this survey, it is not far-fetched to surmise that the seroprevalence of tetanus antibody in the adult population of mainland China is not high. In fact, Chunhuan Zhang 34 reported a seroprevalence of only 31.3% among adults older than 20 years in Guangzhou, China. Similarly, Yaqun Qiu 35 reported a seroprevalence of only 18.6% among the migrant workers in Shenzhen, China; the samples were from two large cities in China. This dire situation must be urgently improved.
There still exist some issues about tetanus vaccine should be addressed. A considerable debate is surging in western countries about a more appropriate vaccine formulation for Tetanus boosters. ACIP recommends that booster doses of Td should be administered every 10 years in adolescents and adults. 7, 8 However, as data from their countries showing that pertussis infection continues to be endemic among adolescents and adults 36 and the safety and immunogenicity of Tdap vaccines are promising comparing with Td, some experts support the feasibility of a shift from decennial Td to decennial Tdap booster vaccination. 37, 38 The Chinese guidelines also recommend the same in adolescents and adults as ACIP, but there lack native data to support or argue. We direly need to raise a lot of work in agenda to improve the situation.
A few limitations of the study should be mentioned. First, the sample was limited in size and may not represent other regions in mainland China. Second, the causal relationship of knowledge and practices with the incidence of improper tetanus treatment could not be confirmed due to the cross-sectional nature of the survey. Third, our survey did not address the attitudes of the respondents, which may represent a lack of information. Moreover, two possible biases could have been introduced due to the convenient sampling of the respondent: a) social desirability bias (i.e., some answers may have been given because they were viewed as more 'acceptable' rather than because they were 'true') and b) selection bias (i.e., as the survey population was self-selected, it is reasonable that the final sample included physicians who were more interested in tetanus-related issues, and therefore more likely to perform/recommend tetanus vaccination following official statements and recommendations). Nevertheless, based on the role of a first and pilot study in China, the design of our study with two groups of data allows the findings to be checked against each other. This helps ensure the reliability of the results and lay the foundation for subsequent large-scale research.
In conclusion, we observed a considerable lack of knowledge regarding tetanus vaccination recommendations among emergency doctors in mainland China. Unlike other countries, TIG is used as the post-exposure tetanus prophylactic rather than immunization, most likely due to the current CNIP guidelines and the unavailability of tetanus vaccines across hospitals. Our findings provide the impetus for updating the CNIP guidelines, in order to accommodate adults and special groups such as adolescents and pregnant women, and avoid unnecessary TIG administration. In addition, the tetanus vaccines have to be made available in all hospitals. Chinese native guidelines were published after our survey and expressed similar concerns. We can conduct another survey in the future and hope that the situation will improve after the publication of our native guidelines.
Appendices
Appendix 1. The regression models were built without significant P value no matter line regression or logit regression. Due to the fact of low score, we tittered the cutoff value to 4 as the pass line (total score 10). The univariate regression indicated that the type of hospital and gender may influence the pass ration but be insignificant when control for other variables such as age and education.
Regression analysis of associations of pass (cut off 4 in total 10) with gender, hospital type, and other variables. 
Univariate regression
